This work presents the variant technical solutions for transport of waste to the external landfill of the open pit Gacko. The construction of road has several purposes and should ensure the stabilization of the outer landfill in the zone with deposited quaternary sediments as well as the waste transport to the external landfill by the high-capacity trucks. The selection of a more favorable variant was made from the aspect of unit costs for the waste transport and from the aspect of the costs of variant solutions.
INTRODUCTION
Coal exploitation works at the open pit Gacko are currently performed according to the Main Mining Design of the open pit Gacko -Central field for the capacity of 2.3x10 6 t/year of run-of-mine coal. The coal exploitation is developed in two zones, the roof and central exploitation zone [1] .
The exploitation conditions at the open pit Gacko are very complex and expressed through the mining-geological, miningtechnical and techno-economic indicators [2] . The exploitation of coal at the open pit Gacko are developed in two zones. The Field C, which is the central exploitation zone and the zone of roof coal series [3] . In order to ensure the undisturbed development of mining operations in the roof coal zone and provide continuity in the coal supply, it is necessary to excavate the quaternary sediments. The quaternary sediments are deposited on the eastern outer landfill. Because of the poor physical-mechanical characteristics, due to the heavy precipitation, the stability of deposited quaternary sediments was disturbed. The road ramp must ensure the stability of external landfill in the zone where the quaternary sediments have been deposited, waste transport from the Central Field, waste transport from the roof zone, transport of equipment and maintenance of the collecting water collector located in front of the Central zone development [4] . A layout of the mining facilities is shown in Figure 1 . For the needs of waste transport and the need for ongoing maintenance of the water collector, it is necessary to make the route of road from Field C. In addition to the road route, it is necessary to form a protective embankment in the northeastern part of the external landfill. The main function of the protective embankment is to carry out the landfill stabilization in a part where the quaternary sediments and waste from the Roof zone are deposited, characterized by the poor physical-mechanical characteristics. In addition to the stabilization function of the external landfill, the protective embankment will have a function of the road. Just because of its function, the road and landfill must be built from the high quality marble material from the central exploitation zone of the Field C.
Variant 1
Two variants of the road route were considered. In the Variant 1, the road consists of three sections ( Figure 2 ). Section 1 represents the road route to the protective embankment of the landfill; Section 2 represents the protective embankment, and Section 3, which will be a connection between the protective embankment and the old Kulski road.
Figure 2
Overview of the road route section for the waste transport and external landfill stabilization
Section 1
Section 1 of the road route consists of a part located in a contour of the open pit (Field C) and a part located outside a contour of the open pit. In the contour of open pit, it is necessary to build a ramp from the level of 920 m above sea level to 938 m above sea level. After the ramp construction, the road route on the ground will be done. It is necessary to remove the quaternary sediment and replace it with a marble material. After replacement of the quaternary sediment, it is necessary to overcome the road at a height of 1.5 meters and make a connection up to a level of 750 m above sea level where a crest crown of the protective embankment of landfill will be positioned. The quantities of excavated material on the ramp development are given in Table  1 . Table 2 lists the masses of quaternary sediment that need to be excavated. Table 3 lists the quantities of material that need to be filled. The length of the first road section is about 760 m, the width is 18 m. Calculation was made in the Gemcom Gems software package in the Road Construction module. After making the Section 1, a protective embankment of the external landfill will be constructed. The embankment is formed of marble material up to the level 750 m above sea level. Table 4 lists the quantities of marls that need to be built in into the protective embankment. The length of protective embankment is about 720 m. 
Section 3
In order to establish a connection with a water collector, it is necessary to construct a part of the road from the protective embankment to the old Kulski road.
The road will be built from marl. The length of the third section is about 140 m. The quantities of marl needed for road construction are given in Table 5 . In order to construct the Section 1, it is necessary to replace the mass of quaternary sediment with marl. The length of the Section 1 is about 960 m. The quantities of quaternary sediment that need to be excavated are given in Table 6 .
The quantities of marble material that need to be installed instead of the quaternary sediment are given in Table 7 . The marble material needs to be filled to the level of 750 m above sea level. 
Section 2
In order to establish a connection with the protective embankment of the external landfill, it is necessary to make a route of the road. The road route is made of marl.
The length of the Section 2 is about 140 m. The masses to be built during the construction of this part of road are given in Table 8 . 
Section 3
Section 2 is a protective embankment of the external landfill. The embankment is formed of marble material up to the level 750m above sea level. Table 9 list the quantities of marl that need to be built in into the protective embankment. The length of the protective embankment is about 720 m. Table 18 shows the unit costs of material transport for the facilities (sections). Table 19 shows the norms of unit costs of material transport and energy in loading for construction the facilities (sections). 
Bulldozer capacity on the road construction
The bulldozer capacity calculation was made according to a methodology proposed by Caterpillar for a mean length of 50 m, which would carry out the transport, planning and compacting of t unloaded material.
According to this methodology, the bulldozer capacity in planning is:
The same type bulldozer would be engaged in planning the deposited quaternary layers and its capacity in these works would be increased by 50% due to the operation conditions and material characteristics being disposed, i.e. it would be about 150 m 3 /h. Material and energy norms in marl planning in the road construction are given in Table 20 , while the material and energy norms of bulldozer work in planning the deposited humus are given in Table 21 . For the fine planning of the road wearing surface, the graders are engaged, and calculation of the standard consumption for graders is calculated on the example of a grader, power of about 200 kW, i.e. Caterpillar 16H type grader (power P = 201 kW, mass 24.7 t and plow width L = 2.98m). Capacity of this grader is calculated according to the form: Norms of energy and material consumption for a grade type CAT 16H, power 201 kW and capacity of 8208 m 2 /h are given in Table 22 . Table 23 gives the unit costs for individual technological procedures for the construction of transport road and landfill embankment. Table 24 gives the unit costs, material quantities and total costs for variant solutions. 
CONCLUSION
In comparison the analyzed variants, the advantage 1 is given to the Variant 1 due to lower cost of production. In addition to this factor, it should be kept in mind that the eastern outer landfill can also be used for placement of layered and inter-layered waste from the central exploitation zone to the extent that the combined system cannot accept the all excavated material. It is also advantageous that the material excavated by a combine and transported by trucks is disposed to the subject location. The road construction in Variant 1 does not interfere the development of works in the upcoming period, and the eventual advance of works in that zone would be possible only by construction a new ramp. In this case, the transport of waste from the return zone would go directly through the old Kulski route. The Variant 1 provides more favora-ble conditions for waste transport from the central exploitation zone, and the average length of material transport from the center of work in the central zone and in Variants 1 and 2 is about 1800 m and 3600 m, respectively.
The analysis was carried out for equipment with which the open pit already possesses but the other mechanization cold be also applied that meets the characteristics of the working environment. The formation of the road embankment would also have the function of protecting space from water. The disposal of quaternary sediments is envisaged on the final surface of the inner landfill of the central field and this mass would be used in the subsequent stages for remediation of a wider area, and these areas could be immediately rehabilitated by the formation of grasslands.
